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Abstract
7KH VSHFWURVFRS\ LV D WHFKQLTXH WKDW SURYLGHV LQIRUPDWLRQ DERXW WKH
PROHFXODUVWUXFWXUHRI DVXEVWDQFH7KLVWHFKQLTXHLVSUHVHQWO\ZLGHO\XVHG
LQSKDUPDFHXWLFDOVIRRGPHGLFDOWH[WLOHDSSOLFDWLRQVDPRQJRWKHUVGXHWR
WKHXVHRI VDPSOHVZLWKRXWPDQLSXODWLRQ
6SHFWURVFRS\VWXGLHVLQWHUDFWLRQEHWZHHQHOHFWURPDJQHWLFUDGLDWLRQZLWKPDW-
WHUE\GHWHUPLQLQJWKHHQHUJ\OHYHOVRI DWRPVDQGPROHFXOHV7KHWRWDOHQHUJ\RI 
DPROHFXOHLVWKHVXPRI WKHHOHFWURQLFYLEUDWLRQDODQGURWDWLRQDOHQHUJ\
7KHLQIUDUHGVSHFWURVFRS\DQG5DPDQVSHFWURVFRS\DUHWZRWHFKQLTXHV
XVHGIRUIDVWHULGHQWLÀFDWLRQWKH\DUHHDV\WRXVHUHTXLULQJDOLWWOHDPRXQW
RI VDPSOHVDVZHOODVSURYLGLQJLQIRUPDWLRQDERXWWKHVDPSOHFRPSRVLWLRQ
7ZRFDVHVWXGLHVUHODWHGWRDSSOLFDWLRQRI WKHVHPHWKRGRORJLHVLQIRRG
LQGXVWU\ZHUHDOVRSUHVHQWHG
 ,,,&LFORGH&RQIHUrQFLDV&RQVHOKR7pFQLFR&LHQWtÀFR
Resumo
2FRQWURORGHTXDOLGDGHHPLQG~VWULDDOLPHQWDUpUHDOL]DGRGXUDQWHDUH-
FHomRGDPDWpULDVSULPDVQRGHFRUUHUGRSURFHVVRGHIDEULFRQRSURGXWR
acabado e na estabilidade do produto ao longo da sua vida útil. 
2V PpWRGRV DQDOtWLFRV FOiVVLFRV HP DOJXQV FDVRV VmR GLVSHQGLRVDV H
UHTXHUHPSUHSDUDomRGHDPRVWUDVRXFRPSRVWRVSDUDDQiOLVHTXHSRGHP
DSUHVHQWDU DOJXPD WR[LFLGDGH3RURXWUR ODGR HVWDVPHWRGRORJLDVSRGHP
VHUPRURVRVQmRJDUDQWLQGRRVUHVXOWDGRVFRPDEUHYLGDGHQHFHVViULRSDUD
XPSURFHVVRLQGXVWULDO1HVWHFRQWH[WRDHVSHFWURVFRSLDGHLQIUDYHUPHOKR
WHPVLGRXPD IHUUDPHQWD DQDOtWLFD DPSODPHQWHXWLOL]DGDHPYiULDV iUHDV
GHYLGRjUDSLGH]FRPTXHDVDPRVWUDVSRGHPVHUFDUDFWHUL]DGDVTXDVHVHP
PDQLSXODomR%ODQFRH9LOODUUR\D
$HVSHFWURVFRSLDGHLQIUDYHUPHOKRpXPPpWRGRQmRLQYDVLYRTXHVHEDVHLD
QDDQiOLVHGDVYLEUDo}HVPROHFXODUHVUHVXOWDQWHVGDH[FLWDomRSURYRFDGDSRUXP
IHL[HGHUDGLDomRQD]RQDGRLQIUDYHUPHOKR&RUGHOOD et al.(PHVSHFWURV-
FRSLDHVWXGDVHDLQWHUDomRGHUDGLDo}HVHOHFWURPDJQpWLFDVFRPDVPROpFXODV
TXHFRQVWLWXHPXPDVXEVWkQFLD$OLJDomRGHGRLViWRPRVHPPROpFXODVHQYRO-
ve diferentes tipos de energia: translacional, vibracional e electrónica. 
$ UHJLmR GR LQIUDYHUPHOKR QR HVSHFWUR HOHFWURPDJQpWLFR VLWXDVH HQ-
WUHDVJDPDVGRYLVtYHOHDVPLFURRQGDVHVXEGLYLGHVHHPLQIUDYHUPHOKRV
SUy[LPRV²FP-1PpGLRV²FP-1HORQJtQTXRV
²FP-1) (Reich, 2005).
3DUDDREWHQomRGHXPHVSHFWURGHLQIUDYHUPHOKRGHXPDDPRVWUDPHGH-
VHDTXDQWLGDGHGHHQHUJLDDEVRUYLGDSHODDPRVWUDDFDGDFRPSULPHQWRGH
RQGDTXDQGRVREUHHVWDVHDSOLFDXPIHL[HGHOX]LQIUDYHUPHOKD2HVSHFWUR
UHVXOWDQWHHVSHFWURGHWUDQVPLVVmRRXDEVRUomRLGHQWLÀFDRVFRPSULPHQ-
WRVGHRQGDGR,QIUDYHUPHOKRDTXDDDPRVWUDDEVRUYHUDGLDomRHDWUDYpV
GRTXDOVHSRGHLGHQWLÀFDUTXHWLSRVGHOLJDo}HVTXtPLFDVHVWmRSUHVHQWHV
QDDPRVWUDDQDOLVDGD
2VHVSHFWURVVmRPDLVFRPSOH[RVHPDLVGLItFHLVGHLQWHUSUHWDUHPIXQ-
omRGRQ~PHURGHOLJDo}HVDWLYDVQRLQIUDYHUPHOKRTXHVHHQFRQWUHPQD
PDWUL]DQDOLVDGD3RURXWUR ODGRTXDQWRPDLVFRPSOH[D IRUDPROpFXODD
DQDOLVDUPDLRURQ~PHURGHEDQGDVGHDEVRUomRHFRQVHTXHQWHPHQWHpQH-
FHVViULRXPPDLRUFXLGDGRQDDQiOLVHHLQWHUSUHWDomRGHUHVXOWDGRV
$VWpFQLFDVPDLVXWLOL]DGDVVmR
1,5(VSHFWURVFRSLDGH,QIUDYHUPHOKR3Uy[LPR(VWDWpFQLFDEDVHLDVH
QDLQWHUSUHWDomRGDLQIRUPDomRHVSHFWUDOUHVXOWDQWHGDDEVRUomRGHHQHU-
JLDSRUSDUWHGDVOLJDo}HVH[LVWHQWHVQDVPROpFXODVGHXPDGDGDDPRVWUD
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TXHSRGHPVHUFDXVDGDSRUVREUHSRVLo}HVGHYLEUDo}HVIXQGDPHQWDLV
FRPELQDo}HVGHYLEUDo}HVIXQGDPHQWDLVHDEVRUo}HVHOHWUyQLFDV5HJLmR
GHDTXLVLomRGHHVSHFWURVFP-1DFP-1);
 )7,5$75 (VSHFWURVFRSLD GH LQIUDYHUPHOKR FRP WUDQVIRUPDGDV GH
)RXULHU)7,5FRPUHÁHFWkQFLDWRWDODWHQXDGD$751HVWDWpFQLFDVH-
PHOKDQWHjDQWHULRUpXWLOL]DGRXPFULVWDOFRPtQGLFHGHUHIUDomRPXLWR
HOHYDGRVXSHULRUDRGDPDWUL]DDQDOLVDUHEDL[DDEVRUomRQRLQIUDYHU-
PHOKR5HJLmRGHDTXLVLomRGHHVSHFWURVFP-1DFP-1);
5$0$1eXPDWpFQLFDTXHXVDXPIHL[HGHOX]PRQRFURPiWLFDTXHDR
DWLQJLU D DPRVWUD p HVSDOKDGDSRU HOH JHUDQGR OX]GHPHVPDHQHUJLD
RXGHHQHUJLDGLIHUHQWHGDLQFLGHQWH(VWDWpFQLFDSHUPLWHLGHQWLÀFDUDV
OLJDo}HVSUHVHQWHVQDVPROpFXODVFRQVWLWXLQWHVGHXPPDWHULDOVHMDHOH
VyOLGROtTXLGRRXJDVRVRWUDQVSDUHQWHRXRSDFRFULVWDOLQRRXDPRUIR
3RURXWUR ODGRGDGRTXHQHVWD WpFQLFD pSRVVtYHO DQDOLVDU YLEUDo}HV D
FRPSULPHQWRVGHRQGDPXLWRLQIHULRUHVSHUPLWHGHWHUPLQDURWLSRHD
TXDQWLGDGHGHOLJDo}HVSUHVHQWHVQDVHVWUXWXUDVPROHFXODUHVGHPDWHULDLV
RUJkQLFRVRXLQRUJkQLFRVDSDUWLUGRVVHXVHVWDGRVGHYLEUDo}HVIXQGD-
PHQWDLV5HJLmRGHDTXLVLomRGHHVSHFWURVFP-1DFP-1).
$VYLEUDo}HVPROHFXODUHVSDVVtYHLVGHVHUHPPHGLGDVHPHVSHWURPHWULD
GHLQIUDYHUPHOKRSRGHPVHUFODVVLÀFDGDVHPYLEUDomRGHGHIRUPDomRDQ-
gular (bendingHYLEUDomRGHGHIRUPDomRD[LDOstretching). 
2VHVSHFWURVDGTXLULGRVSRUHVWHVWLSRVGHHTXLSDPHQWRVmRFRPSOH[RV
GHYLGRDRFRUUHUHPVREUHSRVLo}HVHFRPELQDo}HVGDVOLJDo}HVGRVYiULRV
JUXSRVIXQFLRQDLVSUHVHQWHVQXPDPHVPDDPRVWUD3DUDVHSURFHGHUjLQ-
WHUSUHWDomRGDLQIRUPDomRHVSHFWUDOpQHFHVViULRUHFRUUHUDYiULRVPpWRGRV
GHTXLPLRPHWULDQRPHDGDPHQWHFDOLEUDomRPXOWLYDULDGDTXHXWLOL]DYiULRV
FRPSULPHQWRVGHRQGDHVSHFtÀFRVSDUDFDGDGHWHUPLQDomRGHXPDGDGD
FDUDFWHUtVWLFDGHXPDDPRVWUD6KXUYHOO1DPDLRULDGRVFDVRVXWLOL-
]DQGRDPHVPDLQIRUPDomRHVSHFWUDOHPUHJL}HVGLIHUHQWHVHFRPGLIHUHQ-
WHVSUpSURFHVVDPHQWRVpSRVVtYHOUHWLUDULQIRUPDomRGHYiULRVFRPSRQHQ-
WHVGHXPDPHVPDDPRVWUD$QMRVet al, 2016; Shurvell, 2001).
'HYLGRjFRPSOH[LGDGHGRVHVSHFWURVHVWHVVmRJHUDOPHQWHWUDQVIRUPD-
GRVDQWHVGDDQiOLVHPXOWLYDULDGD1RSURFHVVRGHRWLPL]DomRGRVPRGH-
ORVSRGHVHUXWLOL]DGRFRPRSUpSURFHVVDPHQWRGRVHVSHFWURVDVVHJXLQWHV
PHWRGRORJLDV FRUUHomRPXOWLSOLFDWLYD GH GLVSHUVmR FRUUHomR GD OLQKD GH
EDVHQRUPDOL]DomRSHORPtQLPRHPi[LPRQRUPDOL]DomRYHWRULDOSULPHLUD
GHULYDGDSULPHLUDGHULYDGDFRUUHomRPXOWLSOLFDWLYDGHGLVSHUVmRSULPHLUD
GHULYDGDFRUUHomRGD OLQKDGHEDVHSULPHLUDGHULYDGDQRUPDOL]DomR
vetorial; segunda derivada.
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1DFDOLEUDomRHYDOLGDomRGRVPRGHORVREWLGRVSRUHVSHFWURVFRSLDGH
LQIUDYHUPHOKRDUREXVWH]GRVPHVPRVpDYDOLDGDSRUXPDVpULHGHSDUkPH-
WURVHVWDWtVWLFRVQRPHDGDPHQWH5N²Q~PHURGHFRPSRQHQWHVSULQFLSDLV
r2²FRHÀFLHQWHGHGHWHUPLQDomR506(&9HUURTXDGUiWLFRPpGLRGDYD-
OLGDomRFUX]DGD506(3TXHWUDGX]DGLIHUHQoDHQWUHRVYDORUHVSUHYLVWRV
GDDPRVWUDHRVYDORUHVGHUHIHUrQFLDGDDPRVWUDQDYDOLGDomRGRPRGHOR
53'GHVYLRUHVLGXDOGHSUHYLVmR
&RQ]HQVXJHUHSDUDRFDVRGD,QGXVWULDDOLPHQWDUTXHPRGHORVFRP
53'!SHUPLWHPDTXDQWLÀFDomRGHGHWHUPLQDGRDQDOLWR53'!SRGHPVHU
XVDGRVHPFRQWURORGHTXDOLGDGHH53'!UHSUHVHQWDPPRGHORVH[FHOHQWHV
$WpFQLFDGH)7,5$75pXPDWpFQLFDPXLWRXWLOL]DGDSDUDDREWHQomR
GRVHVSHFWURVSHODVXDUREXVWH]WLSRGHLQIRUPDomRSDVVtYHOGHVHUUHWLUDGD
HSHORIDFWRGHRHTXLSDPHQWRVHURPDLVDFHVVtYHOHFRQRPLFDPHQWH
2PpWRGRGH)7,5$75SURYRXVHUPXLWRUREXVWRHPHVWXGRVGHFRQ-
WURORGHTXDOLGDGHHFRPSRVLomRGHDOLPHQWRV$QMRVet al.*RXYL-
nhas et al., 2015) bebidas alcoólicas (Anjos et al./DFKHQPHLHU
3DOPDHQDGHWHomRGHDGXOWHUDo}HVGRVPHVPRV9HUVDULet al. 2014), 
HQWUHXPDYDVWDJDPHGHRXWUDVDSOLFDo}HV
 3HOR H[SRVWR H HP IXQomRGDGLIHUHQWH FRPSRVLomRGDVPDWUL]HV
SDVVLYHLVGHVHUHPDQDOLVDGDVRVHVSHFWURVUHVXOWDQWHVVmRPXLWRGLIHUHQWHV
&RPRH[HPSORQD)LJXUDHVWmRUHSUHVHQWDGRVRVHVSHFWURVDGTXLULGRVHP
)7,5$75SDUDDPRVWUDVGHPHODJXDUGHQWHD]HLWHHSROSDGHPRUDQJR
Figura 1 (VSHFWURVDGTXLULGRVHP)7,5$75HPDPRVWUDVGHPHO FRUGH ODUDQMDDJXDUGHQWH
D]XOD]HLWH9HUGHHVFXURHSROSDGHPRUDQJRYHUPHOKR
'RPHVPRPRGRRVHVSHFWURVDGTXLULGRVGHXPPHVPRSURGXWRPDV
HPHTXLSDPHQWRVGLVWLQWRV DSUHVHQWD IRUPDVGLIHUHQWHV1D)LJXUD  HV-
WmRUHSUHVHQWDGRVRVHVSHFWURVDGTXLULGRVHP)7,5$751,5H5$0$1
SDUDXPDDPRVWUDGHPHO
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Figura 2(VSHFWURVDGTXLULGRVHP)7,5$751,5H5$0$1GHXPDDPRVWUDGHPHO
&RPRH[HPSORGHDSOLFDomRGHVWDWpFQLFDDSUHVHQWDVHRHVWXGRHIHWXD-
do por Anjos et al. RQGHVHGHPRQVWURXDHÀFiFLDGDDSOLFDomRGD
WpFQLFDGH)7,5$75SDUDGHWHUPLQDomRUiSLGDGRWHRUDOFRyOLFRWHRUGH
PHWDQRODFHWDOGHtGRHiOFRRLVVXSHULRUHVHPDJXDUGHQWHVYtQLFDVHEDJDFHL-
UDVFRPHVHPHQYHOKHFLPHQWR
$ TXDQWLÀFDomR GD FRPSRQHQWH YROiWLO IRL UHDOL]DGD SRU FURPDWRJUDÀD
JiVOtTXLGRGHDOWDUHVROXomR&*/$5GHDFRUGRFRPD13&7
$GHWHUPLQDomRGRWHRUDOFRyOLFRIRLHIHWXDGDSRUGHVWLODomRHGHQVL-
PHWULDHOHWUyQLFDGHDFRUGRFRPRPpWRGRSDGUmRSURSRVWRSRU2,9
2V HVSHFWURV GDV DPRVWUDV IRUDP DGTXLULGRV FRP XP HVSHFWUyPHWUR
)7,5%UXNHUDOIDFRPXPDUHVROXomRGHFP-1QDUHJLmRGRLQIUDYHUPH-
OKRQRFRPSULPHQWRGHRQGDGHFP-1XWLOL]DQGRXPGLDPDQWH
FRPRGLVSRVLWLYRGHUHÁHFWkQFLDWRWDODWHQXDGD$75$DTXLVLomRGRVHV-
SHFWURVIRLHIHWXDGDFRPVFDQVSRUDPRVWUD
$PHGLomRGRVSDUkPHWURVUHIHULGRVSRU)7,5$75GHPRQVWURXDMXVWDU-
VHEHPSDUDDTXDQWLÀFDomRGHVWHVFRPSRVWRVWHQGRVLGRHQFRQWUDGRVYD-
ORUHVGHGHVYLRUHVLGXDOGHSUHYLVmR53'DYDULDUHQWUHSDUDRWHRUGH
PHWDQROHPJK/3$HSDUDRWHRUGHPHWLOEXWDQROHPJK/
3$2VYDORUHVGRFRHÀFLHQWHGHGHWHUPLQDomRU2YDULDUDPHQWUHH
UHVSHWLYDPHQWHSDUDRVFRPSRVWRVDQWHULRUPHQWHUHIHULGRV
2VUHVXOWDGRVPRVWUDPTXHpSRVVtYHODSOLFDUHVWDWpFQLFDFRPRDQiOL-
VH UiSLGDSDUDDGHWHUPLQDomRHFRQWURORGHTXDOLGDGHGR WHRUDOFRyOLFR
GRPHWDQRODFHWDOGHtGRHDOJXQViOFRRLVVXSHULRUHVRVTXHDSUHVHQWDUDP
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53'!HPDJXDUGHQWHVYtQLFDVHEDJDFHLUDFRPHVHPHQYHOKHFLPHQWR
1RXWURHVWXGR UHDOL]DGRSRU$QMRV et al. (2015) aplicou-se a técnica de 
)7,5$75SDUD D FDUDFWHUL]DomRGRV WHRUHV GH Do~FDUHV IUXWRVH JOXFRVH
PHOHVLWRVHHWXUDQRVHHPPHOGHGLYHUVDVSURYHQLrQFLDV1HVWHHVWXGRFRPR
PpWRGRFOiVVLFRGHGHWHUPLQDomRGHDo~FDUHVIRLXWLOL]DGRXPFURPDWyJUDIR
LyQLFR'LRQH[HTXLSDGRFRPXPDFROXQD&DUER3DF703$[
PPHSUpFROXQD&DUER3DF703$[PPHGHWHFWRUHOHFWURTXtPLFRQR
PRGR,QWHJUDWHG3XOVHGDPSHURPHWULF'HWHFWLRQ,3$'$DTXLVLomRGRV
HVSHFWURVIRLHIHWXDGDGHPRGRVHPHOKDQWHDRGHVFULWRDQWHULRUPHQWH$SH-
VDUGRQGHDPRVWUDVQmRVHUVXÀFLHQWHSDUDFRQVWUXLUXPPRGHORGHFDOLEUD-
omRFRPUREXVWH]VXÀFLHQWHSDUDDXWLOL]DomRHPFRQWURORGHTXDOLGDGHÀFRX
SURYDGRTXHHVWDWpFQLFDpSURPLVVRUDSDUDDDQiOLVHGHDo~FDUHVHPPHO
5HIHUrQFLDVELEOLRJUiÀFDV
$QMRV2&DPSRV0*5XL]3&$QWXQHV3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